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Rev. Mod. Phys. 90, 015003 (2018)

• Quarkonium:	qq",	the	simplest	system	of	a	hadron.	
• Below	DD$/BB$ thresholds	– both	charmonium and	bottomonium are	successful	stories	of	QCD.	
• But	there	are	many	exotic	states	observed	in	the	past	decade,	and	they	are	hard	to	fit	in	the	two	families.	

Quarknium and	Quarkonium-like	exotic	hadrons	

Classification:	
• QQ$qq"
X:	Neutral,	J() ≠ 1,,;	Y:	Neutral,	J() = 1,,;	Z:	Charged	

• QQ$qqq:	P/0



Too	many	models	!

High Priority:
• Identify most prominent component in wave function 
• Seek unique picture describing all XYZ states, not state-by-state 

Besides above models,	there	still	are	screened	potential,	
cusps	effect,	final	state	interaction	…

Nature	Reviews	Physics	1,	480	(2019)
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Outline
• Production	at	different	experiments
• Absolute	branching	fractions	of	the	
X(3872)	decays
• Pentaquark states	with	heavy	quarks
• Doubly	heavy	baryons	in	charm	and	
beauty
• Heavy	tetraquarks 𝐐𝐐𝐐$𝐐$
• Summary



-6-

Production	at	different	experiments

1012 Z-boson	decays 50	fb-1

• Similar	statistical	sample	of	𝐁± and	𝐁𝟎 at	
Belle	II	and	CEPC

• Two	order	of	magnitude	more	𝐁𝐬 at	CEPC	
wrt Belle	2

• An abundant	b-baryon	sample	at	the	CEPC

From	CPC	CDR	Section	2.5.	
The	hadronization fractions	from	Refs.	[EPJC	77,	895	(2017),	EPJC	75,	19	(2015)]	are	applied.	
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Tera-Z	at	CEPC	v.s.	LHCb v.s.	Belle	II
Ø LHCb
• pp	collisions,	hadronic	environment
• forward	detector,	small	acceptance

Ø Belle	II
• threshold	production	of	𝒃𝒃$ resonances	from	𝒆0𝒆,
• “cleaner	environment”,	less	hadronic	activities
• target	goals	ℒ =	50	ab-1 on	Υ(4S)	and	nearby

Ø Tera-Z	at	CEPC	(production	of	1012 Z’s)
• no	phase-space	limitations	like	Belle	II
• 4π	coverage
• LEP	environment,	less	hadronic	activity	than	LHCb
• allows	reconstruction	of	final	states	with	multiple	neutrals	like	
photons,	neutral	pions and	kaons.

• decay	products	of	Z	more	boosted	than	at	Belle	II
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Absolute	branching	fractions	of	
the	X(3872)	decays
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The	most-cited article	at	Belle:	1800+
First	observed	by	Belle	in	𝐁 → 𝐊	𝐉/𝛙𝛑0𝛑,

Ø MX close	to	𝐃𝟎𝐃$∗𝟎 threshold	M	=	(3871.68±0.17)	MeV
Ø Surprisingly	narrow:	𝚪𝐭𝐨𝐭 < 𝟏. 𝟐MeV	at	90%	C.L.

PRL112,	092001	(2014)
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What	is	X(3872)?

• Molecular	of	𝐃𝟎𝐃$∗𝟎
Various	models	predict	Br(X→ 𝐉/𝛙𝛑0𝛑,)	<	10% (PRD	72,	054022	
(2005),	PRD	69,	054008	(2004),	Chin.Phys.	C43	12,	124107	(2019))

• Mixture	of	𝐃𝟎𝐃$∗𝟎 and		𝛘𝐜𝟏(𝟐𝐏) bound	state
Br(X→ 𝐉/𝛙𝛑0𝛑,)	< 20%	(PLB	702,	359	(2011))

• Tetraquark model
Br(X→ 𝐉/𝛙𝛑0𝛑,)	~ 50%	(PRD	71,	014028	(2005))

• 𝛘𝐜𝟏(𝟐𝐏)
Br(X→ 𝛄𝐉/𝛙)	~ 0.6%,	Br(X→ 𝛄𝐉/𝛙)	~ 3.5%	(PRD	69,	054008	(2004))

Till	now,	absolute	BR(X(3872)→FS)	
has	not	been	established.	
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Productions	of	X(3872)
• B	decays:	Belle,	BaBar,	LHCb
𝐁 → X(3872)K,	X(3872)	→ channel

• Radiative	decay	in	𝐞0𝐞, annihilations:	BESIII
𝐞0𝐞, → X(3872)𝛄, X(3872)→ channel

• 𝚲𝐛𝟎 decays:	LHCb
𝚲𝐛𝟎 → X(3872)𝐩𝐊, → 𝐉/𝛙𝛑0𝛑,𝐩𝐊,

• Prompt	high	energy	hadron	colliders:	CDF,	DØ, CMS
pp/p𝐩$ → X(3872),	X(3872)→ 𝐉/𝛙𝛑0𝛑,

• Photoproduction reactions:	COMPASS	
𝛍0𝐍 → 𝛍0𝐉/𝛙𝛑0𝛑,𝛑±𝐍W (𝐗Y(3872))
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Belle	and	BaBar attempted	to	measure	
the	absolute	branching	fractions	of	the	
X(3872)	in	B	decays.

• Btag is	reconstructed	in	hadronic	
decays	with	high	efficiency.

• The	signal	as	a	peak	at	the	
nominal	X(3872)	mass	in	the	
distribution	of	missing	mass.	
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Absolute	Brs of	X(3872)	from	Belle

711	𝐟𝐛,𝟏 at	𝚼(𝟒𝐒) resonance
772	× 𝟏𝟎𝟔 𝐁𝐁$ pairs	

The	main	background	comes	from	secondary	kaons	from	B	decays.	

PRD	97,	012005	(2018)	Only	the	best	B	tag	candidate	is	retained.
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Absolute	Brs of	X(3872)	from	BaBar
• If	more	than	one	B	candidate	is	found	in	an	event,	all	candidates	

are	retained to	avoid	the	best	one	was	not	the	correct	one,	
including	those	where	it	belonged	to	the	signal	side.

• For	the	X(3872),	the	efficiency	gains	up	to	a	factor	of	3.	

PRL	124,	152001	(2020)	c

424	𝐟𝐛,𝟏 at	𝚼(𝟒𝐒) resonance

background	subtraction
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Reference	
mode

• 𝓑[𝐗(𝟑𝟖𝟕𝟐) → 𝐉/𝛙𝛑0𝛑,] =	(4.1±1.3)%
• The	measurement	therefore	suggests	that	the	
X(3872)	has	a	significant	molecular	component.

PRL	122,	222001 (2019)	
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@CEPC
• We	have	a	large	B	data	samples	compared	to	B-factories	
(two	times	larger).

• Running	at	the	Z-pole	leads	to	a	much	larger	boost	of	B	
mesons	and	their	decay	products.	The	larger	boost	leads	
to	a	much	larger	displacement	of	secondary	vertices.	The	
main	background	comes	from	secondary	kaons	from	B	
decays	(kaons	from	D	decays)	can	be	suppressed	
efficiently.

CEPC	is	very	promising	to	measure	the	absolute	Brs of	
X(3872),	which	provides	the	critical information	to	
distinguish	the	nature	of	X(3872).	
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Pentaquark states	with	
heavy	quarks
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5 narrow	exotic	states	close	to	meson-meson	thresholds	
State Mass

MeV
Width
MeV

Q𝐐$ decay	
mode

Phase	space
MeV

Nearby	
threshold 𝚫𝐄MeV

X(3872) 3872 <	1.2 J/ψπ0π, 495 𝐷$𝐷∗ <1	

Zc(3900) 3900 24	- 46 J/ψπ 663 𝐷$𝐷∗ 24

Zc(4020) 4020 8	- 25 h/π 361 𝐷$∗𝐷∗ 6

Zb(10610) 10608 21 Υπ 1008 𝐵"𝐵∗ 2±2

Zb(10650) 10651 10 Υπ 1051 𝐵"∗𝐵∗ 2±2

❌

-
𝐷$𝐷

-
❌ 𝐵"𝐵

PRL	115,	112001	(2015)	

Molecule	or	tetraqurak?
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The	possible	molecular	of	ZQ
and	X(3872)
• masses	near	thresholds
• Narrow	width	despite	
very	large	phase	space

• BR(fall	part	mode)	>>	
BR(quarknium +	X)

BESIII,	PRD	92,	092006	(2015):

𝚪(𝐙𝐜(𝟑𝟗𝟎𝟎)→𝐃$𝐃∗)
𝚪(𝐙𝐜(𝟑𝟗𝟎𝟎)→𝐉/𝛙𝛑)

≈ 𝟖

From	Steve	Olsen



Extend	to	doubly	heavy	hadronic	molecules	

Other	models:	 Kinematical	effect:
Tightly-bound	pentaquark

𝚫𝐄	~	𝟒𝟎𝟎	𝐌𝐞𝐕

PLB	749,	289	(2015)	
PLB	749,	454	(2015)	
PLB	749,	454	(2015)	?

PRD	92,	071502	(2015)
PLB	757,	231	(2016)
arXiv:1507.06552	
PLB	757,	61	(2016)	

𝐌 𝐏𝐜 =
𝐌𝐃$∗𝟎 + 𝐌𝚺𝐜u − a	few	MeV

PRL	105,	232001	(2010)
PRC	84,	015203	(2011)

CPC36,	6	(2012)
PRC85,	044002	(2012)
PRL	115,	122001	(2015)
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LHCb observations	in	2015
PRL	115,	072001	(2015)	

A	a	full	6D	amplitude	
analysis	was	performed.

𝐏𝐜(𝟒𝟒𝟓𝟎):
M	=	(4450±2±3)	MeV/𝐜𝟐
𝚪 =	(39±5±19)	MeV/𝐜𝟐

𝐏𝐜(𝟒𝟑𝟖𝟎):
M	=	(4380±8±29)	MeV/𝐜𝟐
𝚪 =	(205±18±86)	MeV/𝐜𝟐
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LHCb observations	in	2019
An	order	of	magnitude	increases	in	signal	yield
• Inclusion	of	Run	2	data	(x	5)
• Improved	data	selection	(x	2)

𝐏𝐜(𝟒𝟑𝟖𝟎) is	splited into	two	peaks.

PRL	122,	222001 (2019)	
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The	fitted	results
Ø Candidates	weighted	by w	
(inverse	of	cos𝛉𝐏𝐜 distribution	of	𝚲𝐛

𝟎 )
Ø Three	BW	functions	⨂ resolution	
for	signals	and	higher-order	polynomial	
or	low-order	polynomial	+	broad	BW	for	backgrounds PRL	122,	222001 (2019)	
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Molecular	interpretation
• The	near-threshold	masses	of	𝐏𝐜 𝟒𝟒𝟓𝟎 , 𝐏𝐜(𝟒𝟒𝟓𝟎),	and	𝐏𝐜(𝟒𝟒𝟓𝟎) favour

“molecular”	pentaquarks with	meson-baryon	substructure.
• Regardless	of	the	binding	mechanism,	the	new	pentaquarks suggest	the	

existence	of	a	whole	new	family of	such	particles.

𝐉𝐏 measurements	and	searching	for	isospin	partners	are	needed.		

PRL	122,	242001	(2019)	
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Triangle	diagrams
• Can	produce	peaking	structures	at	or	above	mass	threshold
• Cannot	rule	out	𝐏𝐜(𝟒𝟒𝟓𝟕)	as	a	triangle	effect

The	structure	of	Pc	states	is	still	an	open	question.	[Phys.	Rep.	873	(2020)	1–154].

PRL	122,	222001 (2019)	
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Test	via	photoproduction

A	pentaquark state	Pc	does	exist:
⟹ A	peak	in	the	cross	sections	
of	𝛄𝐩 → 𝐉/𝛙𝐩

arXiv:1609.00050
PLB	752,	329	(2016)
NPA	978,	201	(2018)
arXiv:1609.00676
PRD	94,	034002	(2016)
PRD	92,	031502	(2015)
arXiv:1703.	06928

One	of	the	most	promising	ways	to	independently	confirm	
the	pentaquarks.

PRD	92,	034022	(2015)
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Test	via	photoproduction

A	less	model-dependent	limit	at	90%	C.L.: σ𝐦𝐚𝐱(𝛄𝐩 → 𝐏𝐜0)×𝓑(𝐏𝐜0 → J/ψp)
𝐏𝐜(𝟒𝟑𝟏𝟐), < 4.6	nb-1

𝐏𝐜(𝟒𝟒𝟒𝟎), < 1.8	nb-1

𝐏𝐜(𝟒𝟒𝟓𝟕), < 3.9	nb-1

PRL	123,	072001	(2019)
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@CEPC
To understand	exotic	pentaquarks further:
• Confirm	𝐏𝐜 𝟒𝟒𝟓𝟎 /𝐏𝐜(𝟒𝟒𝟓𝟎)/𝐏𝐜(𝟒𝟒𝟓𝟎) →
𝑱/𝝍𝒑 from	LHCb,	and	detailed	amplitude	
analysis to determine 𝐉𝐏

• More	decay	modes:		
1) in	B	decays:	𝐁𝟎 → 𝐩𝐩$𝐊𝟎,	𝐁$𝟎 → 𝐩𝐩$𝐃𝟎
2) in	baryon	decays:	𝚲𝐜0 → 𝐩𝐊𝟎𝐊$𝟎,	𝚲𝐛0 → 𝐊,𝛘𝐜𝟏𝐩,	
𝚵𝐛𝟎 → 𝐩𝐃𝟎𝐊,, 𝚵𝐛𝟎 → 𝐉/𝛙𝚲𝐊,

3) in	𝐞0𝐞, continuum	processes:	𝐞0𝐞, → 𝐉/𝛙𝐩 +	
X,	𝛘𝐜𝟏𝐩 +	X,	𝚺𝐜0𝐃$𝟎,	𝚺𝐜∗0𝐃$𝟎 …

Physics	Reports	873	(2020)	1–154



-29-

Doubly	heavy	baryons	in	
charm	and	beauty
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• Multiplets of	baryon	and	meson	states	composed	of	the	lightest	
four	quarks	(u,	d,	s,	c)	form	SU(4)	multiplets [PRD	12,	147	(1975)].	

• A	SU(3)	triplet	with	two	charm	quarks:	𝚵𝒄𝒄0 (dcc),	𝚵𝒄𝒄00(ucc),	and	
𝛀𝒄𝒄0 (scc).

Doubly-charmed	baryons

From	L.	M.	Zhang,	HADRON	2019	conference

• J( =	�
�
→ J( =	�

�
via	strong/electromagnetic	processes

• J( =	�
�
→ J( =	�

�
with	a	c quark	transformed	to	lighter	quarks
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PRD	90,	094007	(2014)

Doubly	heavy	baryons	QQq:
ccq,	bcq,	bbq,	q	=	u,d
should	also	exist.	

Baryons	with	two	heavy	quarks	provide	a	unique	system	to	test	QCD	since	
the	heavy	quarks	are	nearly	static	and	act	as	a	center	of	gravity	for	the	hadron.
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𝜩𝒄𝒄0 by	SELEX
SELEX	collides	high	energy	hyperon	beams	(𝚺)	with	nuclear	targets	(p).

Mass:	(3519±1)	MeV/c2	

Width:	consistent	with	zero

Lifetime:	<	33	fs	at	90%	C.L.

6.3σ	

𝛔(𝚵𝐜𝐜0 )×𝓑(𝚵𝐜𝐜0 → 𝚲𝐜0𝐊,𝛑0)
𝛔(𝚲𝐜0)

	~	𝟐𝟎%

PRL	89,	112001	(2002)

𝚪(𝚵𝐜𝐜0 → 𝐩𝐃0𝐊,)
𝚪(𝚵𝐜𝐜0 → 𝚲𝐜0𝐊,𝛑0)
=0.36±0.21

PRB	628,	18	(2005)

4.8σ	
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The	results are	not confirmed by Babar,	Belle,	and LHCb.

However,	the	production	environments	are	different	between	SELEX	
and	other	experiments.

PRD	74,	011103	(2006)

𝛔(𝚵𝐜𝐜0 )×𝓑(𝚵𝐜𝐜0 → 𝚲𝐜0𝐊,𝛑0)
𝛔(𝚲𝐜0)

< 𝟑. 𝟗×𝟏𝟎,𝟒
PRL	97,	162001	(2006)

JHEP	12,	090	(2013)



-34-

𝚵𝐜𝐜00 → 𝚲𝐜0𝐊,𝛑0𝛑0 by	LHCb
• The	long-distance	contributions	are	significantly	enhanced	compared	to	𝚵𝐜𝐜0 .
• The	favorable	mode:	𝚵𝐜𝐜00 → 𝚲𝐜0𝐊,𝛑0𝛑0(Br	~	10%) CPC	42,	051001	(2018)

𝐬� =	13	TeV,	1.7	fb-1 pp	collisions	data

Ξ//00 mass:	3621.40±0.72(stat)±0.27(syst)±0.14(Λ/0)	MeV/c�
~100	MeV	above	Ξ//0 peak	by	SELEX
Width:	consistent	with	zero

𝚲𝐜0 → 𝐩𝐊,𝛑0

PRL	119,	112001	(2017)
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𝚵𝐜𝐜00 → 𝚵𝐜0𝛑0 by	LHCb

𝚵𝐜0 → 𝐩𝐊,𝛑0
PRL	121,	162002	(2018)

Mass	difference:
m(𝚵𝐜𝐜00)LHCb	- m(𝚵𝐜𝐜0 )SELEX	=	
(103±2)	MeV

Inconsistent	with	being	isospin	
partners	

𝟑𝟔𝟐𝟏.	𝟐𝟒±𝟎.	𝟔𝟓±𝟎.	𝟑𝟏MeV

𝓑(𝚵𝐜𝐜uu→	𝚵𝐜u𝛑u)
𝓑(𝚵𝐜𝐜uu→	𝚲𝐜u𝐊�𝛑u𝛑u)

=	0.49±0.13±0.24(𝚵𝐜0)
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The lifetime	of	𝚵𝐜𝐜00

𝟎. 𝟐𝟓𝟔,𝟎.𝟎𝟐𝟐0𝟎.𝟎𝟐𝟒(stat)±0.014(syst)	ps

Use	𝚵𝐜𝐜00 → 𝚲𝐜0𝐊,𝛑0𝛑0 control	sample PRL	121,	052002	(2018)
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Search	for	𝚵𝐜𝐜00 → 𝐃,𝐩𝐊,𝛑0
Just	swap	u	and	c	quarks

• The	branching	fractions	
could	be	comparable.

• The	efficiencies	are	also	
similar.

Very	stringent	upper	limit	is	
obtained:

𝑹 =
𝓑(𝚵𝐜𝐜00 → 𝐃,𝐩𝐊,𝛑0)
𝓑(𝚵𝐜𝐜00 → 𝚲𝐜0𝐊,𝛑0𝛑0)

<	1.7%	(2.1%)	at	90%	(95%)	C.L.

JHEP	10,	124	(2019)

1.7	fb-1
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Search	for	𝚵𝐛𝐜𝟎 → 𝐃𝟎𝐩𝐊,
arXiv:2009.02481 (2020)

5.4	fb-1

No	excess	is	observed	in	the	full	𝚵𝐛𝐜𝟎 	mass	range.	



Stable	doubly	heavy	tetraquark
Inspired	by	observation	of	Ξ//00,	stable	doubly	heavy	tetraquark states	are	predicted	[
PRL	119,	202001	(2017),	PRL	119,	202002	(2017),	Prog.Part.Nucl.Phys.	107,	237	(2019)].	

• (bbu"d"):	J( = 10,	10389±12	MeV,	215	MeV	below	BB*	threshold.	
• (bbu"d")→ B$Dπ,,	J/ψK$B$,	J/ψJ/ψK,K$�,	D�B,
• (bcu"d"):	J( = 00, 7134±13 MeV,	11	MeV	below	D�B$� threshold.	
• (ccu"d"):	J( = 10,	3882±12	MeV,	7	MeV	above	D�D∗0 threshold.	

Stable	T(bbu"d")	state	[PRL	119,	202001	(2017)]:	

Expectations	for	the	ground-state	tetraquark states [PRL	119,	202002	(2017)].	
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@CEPC
• Confirm	𝚵𝐜𝐜0 → 𝐩𝐃0𝐊, and	𝚵𝐜𝐜0 → 𝚲𝐜0𝐊,𝛑0
from	SELEX

• Confirm	𝚵𝐜𝐜00 → 𝚲𝐜0𝐊,𝛑0𝛑0 and	𝚵𝐜𝐜00 → 𝚵𝐜0𝛑0
from	LHCb

• Search	for	𝛀𝐜𝐜0 (scc),	𝚵𝐛𝐜(bcq),	and	𝚵𝐛𝐛(bbq)
• Search	for	a	stable	doubly	heavy	tetraquark in	
BB*	decay	mode

Lifetime:	3𝛕(𝚵𝐜𝐜0 ) ≈ 3𝛕(𝛀𝐜𝐜0 ) ≈ 𝛕(𝚵𝐜𝐜00)
• The	increase	backgrounds	with	shorter	lifetime
• But	should	be	promising	at	CEPC	because	of	a	larger	boost	and	

a	clean	environment
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Heavy	tetraquarks 𝑸𝑸𝑸$𝑸$
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• Many	QCD-motivated	phenomenological	models	also	
predict	the	existence	of	states	consisting	of	four	heavy	
quarks,	i.e.	𝑻𝑸𝟏𝑸𝟐𝑸$𝟑𝑸$𝟒,	where	𝑸𝒊 is	a	c	or	a	b	quark	
[Phys.	Lett.	8	(1964)	214,	Version	1	CERN-TH-401,	CERN,	
Geneva,	1964].	

• Tend	to	be	compactly	bounded	since	
the	interaction	between	heavy		quarks	is	
dominantly	mediated	by	short-range	gluon	exchange.	

• The	internal	structure	of	such	states	usually	assumes
the	formation	of	a	diquark (𝑸𝟏𝑸𝟐)	and	an	anti-diquark
(𝑸$𝟑𝑸$𝟒)	attracting	each	other.	

Motivation
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Search	for 𝑻𝒃𝒃$𝒃𝒃$ by	LHCb

s� =	7,	8,	and	13	TeV,	6.3	fb-1 pp	collisions	data

• For	𝑇��"��" → Υ(1S)µ0µ, decay,	the	Υ(1S)(→ µ0µ,) candidates	are	
combined	with	an	additional	dimuon pair	with	a	good	vertex-fit	quality.	

• Rapidities in	the	range	[2.0,4.5]	and	pT less	than	15	GeV/c.	

Upper	limit	at	90%	(95%)	C.L.	within	8	– 32	(11	- 36)	fb.	

JHEP	1810	(2018)	086
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Search	for 𝑻𝒃𝒃$𝒃𝒃$ by	CMS
• Two	must	have	an	invariant	mass	compatible	with	a	Υ resonance	
• (8.5	<	m2μ <	11.4	GeV)	
• Rapidities y	<	2 and	pT less	than	10	GeV/c.	

s� =	13	TeV,	35.9 fb-1 pp	collisions	data

No	excess	of	events	compatible	with	a	signal	is	observed.	

PLB	808	(2020)	135578
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J/𝛙 pair	from	LHCb
J/ψ pair	signals	are	extracted	from	
unbinned maximum-likelihood	fit	to	the	
two-dimensional	(𝑀  

(�),𝑀  
(�))	mass	

distribution.

N(J/𝛙 pair)	=	(33.57±0.23)×𝟏𝟎𝟑	

Science Bulletin,	2020,	65(23)1983-1993
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J/𝛙 pair mass	spectrum

J/𝛙 pair mass	spectrum shows
§ A	broad	structure next	to	threshold	ranging	from	6.2	to	6.8	GeV/𝐜𝟐
§ A	narrow	structure	at	about	6.9	GeV/𝐜𝟐	
§ A	Hint	for	another	structure	around	7.2	GeV/𝐜𝟐	
§ No	evidence	for	further	structures	above	7.2	GeV/𝐜𝟐

Science Bulletin,	2020,	65(23)1983-1993
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Fits	to	J/𝛙 pair mass	spectrum
Interference	between	resonant	and	non-resonant	components	

X(6900) No-interference Interference
Mass 6905	± 11	± 7	 6886	± 11	± 11	
Width 80	± 19	± 33	 168	± 33	± 69

Signal	yield 252	± 63 784	± 148	
Significance > 5σ > 5σ

One	𝑇¡¡¡̅¡̅ state	for	6.9	GeV/c�	peak	+	two	
𝑇¡¡¡̅¡̅ states	for	threshold	structure	

One	𝑇¡¡¡̅¡̅	state	for	6.9	GeV/c� peak	+	
a lower-mass	state	interference	with	non-
resonance

Science Bulletin,	2020,	65(23)1983-1993



@CEPC
• Confirm	𝑻𝒄𝒄"𝒄𝒄" → J/𝛙J/𝛙 by	LHCb
• Explore	more	and	more	𝑻𝒄𝒄"𝒄𝒄"	 and	𝑻𝒃𝒃$𝒃𝒃$	states EPJC	80,	871	(2020)	
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Summary
• Advantages	@Tera-Z	CEPC:	cleaner	LEP	environment,	
larger	acceptance	wrt LHCb;	larger	boost,	no	phase-
space	limitations	wrt Belle.	

• Measure	the	absolute	Brs of	X(3872).

• Confirm	the	recent	exotic	states	results	from	LHCb,	and	
search	for	𝛀𝐜𝐜0 (scc),	𝚵𝐛𝐜(bcq),	𝚵𝐛𝐛(bbq),	𝐓𝐜�̅�𝐜�̅�	, 𝐓𝐛�̅�𝐛�̅�,	etc
at	CEPC.	

• Dedicate	the	exotica	productions	from	Bs,	𝚵b,	and	𝛀b
decays.

Thank	you	!
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Stable	doubly	heavy	tetraquark
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